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(ST) Abstract: A rooology for detennltdng bias or overlay enor in lithographic pnKesses. Thisinetralogy inclodaasetof diffiv- 
tion test pancros, opticaJ impection techniques by using spectroscopic ellipsomcter or rencctometEr. a method of test pattern profile 
extraction. The invention uses a set of diffivlion gndngs (10) as the test patterns, and thin film metrology equ^ancnl. socb as 
f peciroscojnc ellipsomcter or spectroscopic xcflectooiBto. Tbc profiles of the lest pacems in the two nccessrve layers are analyzed. 
Overlay infonnalion are obtained afis pooessir^ dte profile data. In a first aspect of the invention, a liae^n-line overlay grating 
test patterns structure is <fi$closBd in which a second fayg mask is placed fathecenterof a clear line in a fl«t toy^ madr in « 
aspect of the invention, a Ine-on-line overlay gralittg test patterns strachoe is disclosed in which a second layer mask Is placed in 
the center of a darfc line in the first mask. 
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GraUng Test Patterns and Mettods for Oveilay Metrology 

5 Field of the Invention 

The present invention relates geoeial^ to precision optical measurement of the 
two process layers on a semiconductor wafer, and more particniariy to a set of diffiacdon 
grating test patterns that are used m combination with rigorous diffiaction grating 
analysis. 

10 Petition of Related Art 

Litbo^^Iqr continues to be- the key enabler and drivec for semiconductor 
industry. Metrology equipment and m^od for critical dimension (CD) and overlay 
control are the key elemetits of the lithogi^fay infiastructure. Overiay and CD control 
over large field siz6s will continue to be a major concern for sub-lOOnm Utixognqiliy. 

2$ Overl£^ requirements are amonc the most difficult tftpjintrfti challenges in lithoomnli v 

The main contributois to overlay enor are die stage» alignment system 4aid 
distortion signature. Errors can be hsolaea down into stage motioh.or wafer ii1i gpn?"it 
errors such as phicemmt and rotation inaccurades and fidd errors- like errors on die 
reticle and in camera magnification. These errors are correctable. Pincushion or barrel 

20 distortbns, third-order field errors, are not correctable. The overlay errors must be 
routindy characterized for a givra esqKisure tool. Tliree fundamental coinponents of 
overlay are die alignment target detection capability, the stagp positioninjg accuracy and 
precision, and die difTerence in lens distortion between twd tools used to expose 
overlaying process layers. 

1 
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Technologies utilized for ovcrfay measuienuent ioclude electrical test, scamuQg 
clectiOQ miciosoope (SEM), and optical microscope. Coherence probe microscopy 
(GPMX by adding an interferornetec to the miaoscope, enables phase4»sed 
measuiemeots that can pick up subde differences in index of refiaction and tqwgraphy. 
Optical inicroscopc tectaiology has been 4e dominant measurem^ 

Ovcriay targets ofien are variations of box-in-a-box. TTie center of each box is 
calculated independently, and a difference between Ibem is determined. Some metrology 
tools measure overlay enor as a combination of Hncwidth mr^^nimnffnts To increase 
contrast, the boxes can be replaced with combinations of bars and frames, which add 
stnrctuie at Aetargrfs perimeter by providing two e(^ Ashortcommg 
is that flicre is no practical standard for overlay, lliere 

overiay target is not knowa Some &bs may pcriodicaUy look at cn*s sections or make 
comparisons to electrical parameters, but this is time consuming and relegated to 
characterization environment, rather than in production. 

Alignment target detection became a show-stopper for many e^^xisute tools wifli 
flie proliferation of OrfP levels, irtiMc vay planariz^ metal layers present considerable 
chaUcnges to finding and measuring a targtfs poation. 

One conventional solution u^ a box-in-box test pattern. Hie detdls of this 
conventional solution is described in a section, for example, entitled •'Semiconductor 
Pattern Overiay" in the Handbook of Critical Dimensions Metrology and Process Control, 
SPIE, vol, CR52, 1994, pp. 160-188. 
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•Several diottcominigs of conventional solutions include^ asymmetxy of patterned 
line profile^ abeaadons in the iUumination and inuiging optics^ individual test pattern 
ixnage sampling, and for polished layers^ the signal-to-noise (S/M) ratio in prior arts can 
. be poor and affected by contiast variations in film tld 
5 Accordingly, it is desirable to have a method and system for grating oved^ 

patterns that aze &st and flesdble. 

SUMMARY OF THE INVENTION 
The invention uses a set of diffraction gratings as the test pattems, and tiunfifan 
metrology equipment, such as spectroscopic ellipsomet^ and spectrclScopic r^ectomeler. 

20 the profiles of the test , patterns in the two successive layers ere analyzed. Overlay 
infonnation are obtained after processing the profile data, in a first aspect of the 
invention, a line-on*line overiay grating test patterns structure is disclosed in ^wfaich a 
second kydl: made is placd in tiie center of a clear line in a first layer mask In 
aspect of tbe invention, a line-in-line overlay grating test patterns structure is disclosed in 

IS S^cbasecozidlayermaskisplacedintheceat^ofadaricliiieindiefirsti^^ 

Advantageously, the present invention uses a q)ectros6oinc eUipsometer or. 
^sectroscoinc reflectometer Widiout tiie Necessity in requiriiig a highly precise focu^ng 
optical system. Moreover, tiie present invention provides overlay information of a test 
pattern ^ch contains at least 30 rqietitive ^ctures. For exanqde, based on one 

20 rneasuremoit, the preserit invention provides an average oVerliy infonfiation over at least 

30 samples. Furthefmoie, the present invention requires less precise wafer stage, so the 

metrology equipment is considembly cheap tiian tiiose for prior aits. 

3 
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Odier structures and mediods axe disclosed in the d^ed descriptioii below. This 
suxnmaiy does not putpoxt to define die mv^on. Hie mveotion is ddined by the claims. 

BRIEF DESCRirnONOFTHEDRAWINGS 

FIG. I is a pictorial diagram illustrating quad orientations of overlay patterned 
grating lii^ in acconiance vyith the pies^ 

FIOS. 2A-2E are process diagrams illustrating a Une-on-Ime overlay patterned 
grating in accordance with the present inVentba 

FIGS. 3A-3D are process diflgrams of various examples of adding one or more 
layeis in a lin6-onrline overlay patterned giatiiig in accordance with Ae present invention. 

FIGS. 4A-4E are process diagrams tllustiating a line-in-line ovwfay patterned 
grating in accordance with tiie present inventioa 

HOS. SA-5D are process diagrams of various examples of adding one or more 
bym in a ling-on-Unei ovolay patterned grating m accordance with Ae present inveiition. 

FIG. 6 is a process diagram iDustzadng a first example of a line-in-line structure in 
accordance with the pres^ inventioiL 

FIOS. 7A-7B are graphical diagrams illustrating the oyeriy m^uremmt of the 
line-m-line structure m HG. 6 using an ellipsometiy in accordance with the present 
rnvration. 

FIG. 8 is a process diagram -^illustrating a second example of a line-in-line 
structure in accordance widi the present invendoiL 
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)FIOS. 9A*9B are grq)hical diagrams illustrating the-6veriay measuiement of fiie 
line-in-line structure in HG. 8 using an ellipsometiy in accordance >vitfa the present 
invention. 

FIG. 10 is a (process diagram iUustiating a first exanqile of a lin 
5 in aocofniaitt^ with the present invention. 

PIGS. IIA-IIB are graphical diagrams illustrating tiie overlaid measurement of 
die lineK>n-linc structure in FIG. 10 using an ellipsometiy in accordance with the present 
' invMition. 

FIG. 12 is a process diagrarn illustrating a second example of a lin&K)n-line 
1 0 structure in accordance with the present mvention. 

FIGS. 13A-I3B arc g^hical diagrams iUustrating the ov^y measurement of the 
line-orh'line stnictuiii in HG. 12 using an ellipsometry in accordance widi the present 
iriV^oiL 

DETAILED DESCRIPTION OF THE PREFERRED EMB0DIMENT(S) 

IS FIG. 1 is a pictorial diagram illustrating the quad orientation of overlay patterned 

gratings 10, mfii a grating A ii, a grating B 12, a grating C13, and a gratmg 14. The 

orientation of the patterned grating lines in tiie present invention is placed at 0, 90, -45, 

and 45 degrees. The grating A 11 b orthogonal with tiic grating B 12» and the grating C 

13 is.orthogocial with the grating D 14. 

20 hi die giating A 11, the overlay test pattern lines extend horizontally, with the 

desirable ofSsst that is detected' in an arrow direction 15. In the grating B 12, the overlay 

test pattern line extends vertically, witti the desirable o£^ tiiat is detected in an arrow 

5 
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dilection 16. In the grajdngCU,idieoveday test pattern 

positive slope, vdtfa the desina)Icofl&ettbat is dc^^ laflie 
giatiiig D 14, the ovetiey test pattern lines exteid ^ 

the desirable offiet Oat is detected in an anow diiection 18. An oxfliogoiial pair can 
5 provide ov^y iiifonnation m any mentation. Foidiennoie, an orthogonal pair can 
avoid loading^unioading of a wafer for diffeieot overlay orientation teqiuiemeots. 

A mask is a pattern tool vi4udi contains patterns Oat can be ttansfened to an 
entize vo&r in one exposure. A ma^ is said to be a daxk-field (or n^ative) tool, if (he 
field (or background) areas are opaque, and to be a clear-fLeld (or positive) tool is the 
10 field is tcanspaorent 

FIGS . 2A-2E aie process cfiagrams illustrating a line-on-line overiay test structure. 
H»e we use poative masks for Ac iUustratipn. no. 2A shows a first la^^ 
clear lines 20a. 20c, 20c, and 20fe arid dadc lines 20b, 20d. and 20£ The dark lines 20b, 
20d, and 20f are wder flian the clear lines 20a, 20c, 20e, and 20g. FIG. 2B shows tibat 
IS tte photoreast is patterned after die Urography development 21. Photoresist 21a, 21b, 
and 21c are patterned ovCT the first layer mask 20. FIG. 2C shows that the material unda 
photoresist is patterned after die etefa process 22 (note diat photoresist is removecQ. FIG. 
2D shows the second l^er mask 23, wiA dear lines 23a, 23g, 23e, and 23g, and dark 
lines 23b, 23d, and 23t The clear lines 23a. 23c, 23c and 23g are wider flian die dark 
.20 lines 23b, 23d, and 23t FIG. 2E shows photoresist is patterned on tiic previous patterned 
lay^24. A di 25 distance measures a gap fiom the left ed^ofihe first dark line in die 
second mask to the left edge of die first daik Ime in the second mask; and a d22( distance 

6 
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' measuies a gq> ficom flie ed^ of die first dark line in Qie second made to tfie riigjit 
e4ge of the fiist da^ line in file first mask. 

Them can be some material layers between tlie second Uth^ 
fixst etch process. For exainplei FIOS. 3A-3D are process diagrams of various exan^lcs 
of adding (Me or more layers in a line-on-Une overlay patterned grating. FIO. 3Adiows 
a general structural diagram 30 with a first etch process 3Ga and the second litbography 
processSOb. b a first type of stnictiiial diagram 31 in FIG* 3B, a xoaterU 
insert^ between the first etch process 30a and the second lifiu)g^ ba 
second Qqpe of structural diagranl 32 in FIG. 3C, a mat^riallayer 32a is placed between 
tiie first etch process 30a and die second lidiogra|diy process 30b. In a tiiird type of 
stnictural diagram 33 in FIG. 3D, two material layers 33a and 33b are placed between ttie 
first etch process 30a and die second lithography process 30b. 

HGS; 4A-4E are process diagrams iUt)strating a iine^line overky tes^ 

Here we use positive masks for &e illustration. FIG. 4A shows a first 1^ mask 40, 

vAit dear Imes 40a, 40c« 40e» and 40g, and dark Unes 40b, 40d, and 40f The dark Unes 

4db, 40d, and 40f are narrower than the clear lines 40a, 40c, 40e, and 40g. FIG. 4B 

shows diat the photoresist is patterned afler the lidiogrq}lvdevd Photore^ 

41a, 41b, and 41c arte patterned over die first layer mask 40. FIG. 4C shows Ifaat die 

material under photoresist is patterned after the etch process 42 (note diat photoresist is 

* removed). FIG. 2D shows the second Uyerrnask 43, widida± lines 43a, 43c^ 

43g, and clear lines 43b, 43d, and 43L The dark lines 43a, 43c, 43e, and 43g are wider 

dian die clear lines 43b, 43d, and 431. FIG. 4E shows photoresist b patterned on die 

7 
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prmous patterned laytir 44. A X| 4S distaace measures a gap fom ^ 
fiist dear line m the second miask lb Ifae left edge of the fiist dear line in the first ma^ 
and a Xa 46 distance measuring a gap 6om the li^ edge of the first clear line in the 
secorid tEtad: to the right edge of the first clear line in Ae first ni^ 
5 There can be some fnaterialkyer^b^weea the second libographypr^^ 

first etch process. For example, Figure SA-SD are process diagrams of various examples 
0 f adding one or more Uyas in a line4a-line ovedy patterned grating, FlCSAshowsa 
general striictural diagram 50 imth a first etch process 50d and the second liftiogiqdiy 
process SOb. hi a first type of structural diagram 51 in FIO. SB, a material layer 51a is 

JO inserted between the first etch process 50a and tiie second Ufiiography process 50b. In a 
second type of structural dlagrani 52 in FIG. 5C» a material layer 52a is placed between 
the first etch process 50a and flie second Iithogrq)hy process 50b. Jn a tiutd of 
structural diagram 53 in FIO. SD, two material layers 53a and 53b are placed between the 
first etdi process 5da and die seccind lithography process 50b. 

IS The advantagies provided by the orientafion of patterned grating lines 10 are as 

follows. Rist, for spectroscopic reflectometcyy there is not need to change tiie wafer. 
Overlay results obtained at different orientation angle can help to reduce random enor. 
Secondly, fisr spectroscopic eUipsontetiy, the information fiom -4S aild -K5 degree 
provide complete minimimi requirement for a ov^Iay metrology purpose, widi out the 

20 reqiiirement to reload wafer. And the information &om 0 or 90 d^ree provides the most 
accurate overlay data. 



8 



WO02)l)C»390 



PCT/DSQ2/jlS648 



At eadi oriMriation, the present iavention has ttro 
"Une-in-linfi" and ^bc-oiHline" test patterns. Hic tfaeotetical stadies are sbovm in 
foUowiqgseiaions. 

A otoaplete 2- and S-dimensioiial period profiles da.U measttted using phase 
* and/or inieiisity iiteation fiom optical tBchniques such as spectroscopic eUqsomeby 
and reiHectometiy, as described in a co-pending pai^it appUcadon entided "Optical 
Ptofilometiy for 2-D and 3-D Sub-Kficibn Periodic Features With Tbico or Moib 
Material in the Penodic Layecs", assigned to the same assignee, and accorded an 

appUcatiOh number of : , ^ ^ incorporated herein by 

0 referoiceinitsetfttre^. 

Simulatioins are petfoimed to support the concepts described above. Ih aH of the 
escamljles, it is shown that a lOnm overiay error can be detected uritfi the presented 
mvtintioa HQ. 6 is a process diagtam illustiatihg a first eatample of a lin»-in-IinB 
structured. Aresist61isplaoediiibetvwenaPolySifflatidaPolySie. Thepitchis 
5 600 om fiom die left edge of the PolySS 62 to the left edge of flie PolySi 63. If x, = 150, 
and X2 = 150, tiioi flie resist 61 would be positioned in die center betwem PolySi 62 
iindttie PolySi 63, If the resist 61 moves 5 nm to flie left, then X| = 145. and Xi= 155. 
Or, if the resist 61 moves 5 nih to the right, then, diea X| = 155, and 3a= 145. HGS. 7A- 

7B are gtaphicd diagrams aiustrating the overiy measurement of tire line-in-line stractto 
> in FiO. 6 usinjg an eUipsometry. 

FIG. 8 is a process diagiam Ulustratmg a second examine of a lineio-line 
JtoS6t5HSm_In.thisxxaniple,.before placing the resist-61rdielectric layers 81 and 82 are 

9 
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deposited in between die PoIySi £2, and die PolySi 63, followed by CMP (chemical 
• mechanical polishing) planarization. Altfaou^ edges for the PolySi 62 and the PoIySi 63, 
are not long^ detectable due to the filt-in of dielectric layers 81 and 82, tiie present 
invention can still detect the overlay since it is not dependent (m detection of edges. 
^ FIGS. 9A-9B are graphical diaerams iDustiating the ovedy measurement of the line-in- 
line structure in FIG. 8 using an ellipsometry. 

FIG. 1 0 is a process diagram illustrating a first cxanqile of a line-on-line structure 
100., with distance d| 101 and da 102. FtOS. 1 1 A-l IB are graphical diagrams illustrating 
the overly measuremoit of die line-on-Une structure in FIG. 10 u^ng an ellipsometry in 

10 accordance with the present inventiorL 

FIG. 12 is a process diagrarA illustrating a second example of a line-on-line 
structure 120, widi dielectric layeis 121 and 122. FIGS. 13A-13B are graidncal diagrams 
illustrating the overly measurement of the line-on-line smicture in FIG. 12 using an 
dlipsometty in accordance vdtti the present invention. 

IS He iine-in^line and line-on-line overlay ineasurements can be 

applied to single wavelength variable inddent angle optical metrology 
equipment Additionally, die line-in-line and line^n-line overlay measurements can be 
applied to any combination of single wavelength variable hicident angle 
optical metrology equipment and multiple wavelength fixed incident an^ 

20 optical m^bgy equipmoit Furthermore, the line-in-line and line-on-line overlay 
measurements can be af^lied to multiple wavelength multiple incident Bngjit optical 
metrology equipment 
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The above embcKliments are onl^ iUustiBtive of die principles of this invention 
and are not intended to limit die mvention to tiie paiticular anbodiments described* 
AccQtdingly, Various Doodifications, adaptati<ms» and combinations of various feafiUres of 
tbe described embodiinents can be practiced without dqniling fiom the scope of Ae 
invention as set forth in the q)pended claims. 
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CLAIMS 

^CLAIM: 

1. A liiieK>ihliiie stnicturei comprising: 

a first mask having a plurality of dark lines and a plurality of clear lines, 
each dazk line being placed adjacent to dear line^ and 

a second mask having a plurality of daik lines and a plurality of clear lines, 
each daik line in &e second mask being placed in the center of a daric line in the first 
fpflgk> 

2. The line-on-line structure of Claim I, when using a positive resist, the 
dark lines in the first mask bring \iftder than flie dear ^ 

3. The lineK>n-line structure of Claim 1, i^en uan^ a n^ative resist Oe 
dark lines in the first mask bemg narrower dian the dear lu^ 

4. Hie liiie-on-line structure of Claim I , wherein the plurali^ of dear lines in 
the first mask are identical or substantially identical to one another, and vt^ierein the 
plurality of die dark lines m the first mask are identical or subslandaUy identical to one 
another, diereby &e combmation of clear lines and dark.lines in the first mask prtxiucing 
a rq>etitive pattern on the first mask. 

5. TlielineH)n-line structure ofClaiml.wheremflieplurdi^ of dari^ 
the first mask bemg wider than ttie plurality daric lines in the second mask. 

12 
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6. theiiiie-<m-linestnx4iireofCIuml,wl^ 
the fiist mask being nanower than tbe pluralil^ 

7. The lin&^ii-line structure of Claim U vdierdn a first daxk line in die 
plurality of daik lines in the second mask having a left edge and a right edge» and wherein 

5 a fifst dark line in thepluiality of dark lines in the first mask having a left edge and a light 
edge. 

8. The line-in-line structure of Claim 7, fiuAer comprising 

a d 1 distance meastiring a gap fiom the left edge of die fiist dark line in die 
second mask to the left edge of the fiist daric line in the second maslq an^ 
20 a d2 distance measuring a gup fiom the rig^ edgfe of die first daric line in 

die second made to die ri^ edge of the first dark line m die first mas^ 

9. The line^-Iine structure of Claim 8, vAcrein die first daik line in die 
second mask is in the center ofthe first dark line in the first made if di » (h. . . . 

10. The lme-<m-line structure of Claim 8, wherein the first dark line in die 
IS second mask shifts to the right of die first dark line in the first mask if di minus dz 

produces a positive number. . 

11. The lineK)n-line structure of Claim 8, >^erein the first dark line in the 
second mask is shifts to die left of die first dark line in the first mask if di minus di 
produces a negative number. 

20 12. A line-in-line structure^ comprising: 

13 
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a fiist mask baviiig a plurality of da± Unes and a pluta^ 
each dark Une bemg placed ai^acent to clear liofi^ 

a sc(X)ad mask having a pluiaUt/ of dadc lines aid 
. each clear line m the second mask being placed m Ae oento 
5 mask. 

13. The line-in-line ^tructme of Clffim 12, vAieo Using a positifve least, the 
pluraliiy of clear ' Unes in tbe iBrst m)Bfik being ^der than the phiiaUly of dark lines in be 
fiistmaak. 

20 14. The line-in-line structure of Claim 12, ^^n u^iig a negative resist, the 

plurality of clear lines in tiie first mask being narrower than the plurality of dear Hnay ia 
t h^ first magic 

15. The line-in-line structure of Claim 12, wherein tfab plurality of clear lines 
in the first mask are identical or substantially identical to one another, and ifdierdn fiie 

IS dark lines m the first mask are identical or substantiaUyidenti 

the combiniation of clear lines and dark Unes in the first mask producing a repetitive 
pattern on the first mask. 

16. The line-in-Iine structure of Claim 12, wherein the plurality of dark lines 
in die first mask being narrower than die plurality darie Unes of the ^eiDond masks. 
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17. The luid-iii4me Struck 

ia &e first mask being wider dian the pluiality of clear lines in flie second masks. 

18. The lin&jn^ine structwe of Claim 12, wherdn a first dear line in the 
pluiality of clear iinies in the second mask having a left edge and a tight edge, and 

5 vAeidn a first dear line in the plurality of dear lines in the first mask having a left edge 
andari^edge. 

19. the line-inrlihe structme of CUiun 18, furflier comipiisuEig 

a Xt distance measuring a gap fiom die left edge of die first clear line in 
the second niask to the left edge of the first clear Une in the first mask; a^^ 
JO a ?^ distance measurii^ a gap fiom the ii|^t edge Of die first dear line in 

die second m)isk to the right edge of the ficdt dear line m die first mad^ 

20. The lihe-m-line structure of Claim 18, indieiem the fiist clear line in die 
second Aiask is m die center of the first clear line in die fint 

21. The line-m-line stnicture of CIdm 18, i^iezein die first dear line in die 
75 . second mask is shifts to die rig^ of die first clear fine in die first mask if X] mmus Xi 

product a positive nufiiber. 

22. The lin&-in*lme stnictOre of Claim 18, vdierein the fiist clear line in the 
second mask is shifts to the right of the first clear line in die first mask if Xi minus Xi 
produces a poadve number. 

20 23. A mediod for multi-orientatioriofordiogonal pairs, comprising: 

15 
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placing a gtalmg and 

shimng a on the grating ^^wiem Ifac lig^ is not papendicular to the 
orientatiim of the gcating. 

24. The method for multi-otientation of orthogonal pairs of Claim 23, wherein 
the orientation of the grating fomis a positive slope. 

25. The method for multi-oii^tation of orthogonal pairs of Claim 23, wherein 
the ori^tation of die gratilig forms a n^ative slope. 
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FIG. 3D 
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